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(57)Abstract: 

PURPOSE: To provide a process for treating the surface 
of a substrate whereby a long-lasting excellent 
hydrophilicity is imparted to the surface. 
CONSTITUTION: This process comprises the first step 
wherein a monomer is attached to the surface of a 
substrate 7 and the second step wherein a fluorine- 
contg. layer is formed by placing the substrate 7 
between metal electrodes 4 and 5 which are faced 
toward each other and of which at least one has a solid 
dielectic 6 installed on the electrode surface facing to 
other electrode in an atmosphere of a gas mixture 
comprisng a fluorine-contg. gas and an inert gas and 
bringing the surface of the substrate 7 into contact with 
a discharge plasma generated by applying voltage 
between the electrodes 4 and 5 under about the 
atmospheric pressure. 
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CLAIMS 



[Claim(s)] 

[Claim l] The 1st process to which a 
monomer is made to adhere on the 
surface of a base material, and after 
arranging this base material between the 
metal electrodes which made one [ at 
least ] opposed face equip with a solid 
dielectric and which face, This base 
material is placed into the ambient 
atmosphere of the mixed gas of inert gas 
and fluorine content gas. Under the 
pressure near the atmospheric pressure 
The surface treatment approach of the 
base material characterized by consisting 
of the 2nd process which forms the layer 
which the discharge plasma which 
impressed the electrical potential 
difference and was generated between 
metal electrodes on this base material 
front face is contacted, and contains a 
fluorine on a base material front face. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the surface treatment approach 
of a base material. 
[0002] 

[Description of the Prior Art] 
Conventionally, many methods of 
******(ing) the front face of a plastics 
base material are proposed. For example, 



although the approach of forming the 
coat of fluorine content resin, such as 
polytetrafluoroethylene (PTFE), with 
physical vapor deposition was indicated 
by JP,56-98475,A, by this approach, the 
coat obtained has inadequate adhesion 
with a base material, and the room of an 
improvement was in endurance. 
[0003] moreover, although the approach 
(macromolecule collected works, and [50, 
l] (1993)) of carry out low voltage glow 
discharge processing of the base material 
under existence of fluorine content gas, 
and make it introduce and ****** a 
fluorine content radical on a front face be 
proposed, since the thickness of the 
hydrophobic layer by which surface 
treatment be carried out be very thin, 
there be a possibility that a 
water-repellent engine performance may 
fall easily, and sufficient endurance be 
acquired under the humid environment 
by this approach. 

[0004] Then, there is the approach of 
carrying out graft polymerization as an 
approach of obtaining the surface 
treatment article excellent in the 
endurance of a hydrophilic property. By 
this approach, after activating a base 
material front face by the glow discharge 
plasma by the pressure with low 0.01 - 
lOTorr extent, the approach of carrying 
out the graft polymerization of the 
monomer in monomer solutions, such as 
acrylamide, is proposed by the raft 
[Macromolecules, 19, and 1804] (1986). 
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[0005] However, in order for this 
approach not to have a publication of 
being adapted for water-repellent 
treatment and to generate the glow 
discharge plasma by the still lower 
pressure, the container needed the 
expensive vacuum chamber and needed 
to install evacuation equipment. 
Furthermore, in order to process in a 
vacuum, when it is going to process the 
substrate of a large area, a vacuum 
housing must be enlarged and the thing 
of high power [ equipment / evacuation ] 
is needed. Therefore, there was a trouble 
that the facility itself will become very 
expensive. When surface treatment of a 
plastic plate with high water absorption 
was moreover performed, vacuum suction 
took long duration and there was also a 
trouble that a processing article became 
cost high. 
[0006] 

[Problem(s) to be Solved by the 
Invention] It is made in order that this 
invention may solve the above-mentioned 
fault, and the object is about the 
water-repellent engine performance to 
offer the surface treatment approach of a 
maintainable base material over a long 
period of time while giving the 
water-repellent engine performance 
which was excellent by forming a 
water-repellent coat under the pressure 
near the atmospheric pressure on a 
plastics base material front face. 
[0007] 



[Means for Solving the Problem] The 
surface treatment approach of the base 
material of this invention consists of the 
2nd process which forms the 1st process 
to which a monomer is made to adhere on 
the surface of a base material, and the 
layer which the discharge plasma which 
impresses an electrical potential 
difference and is generated between 
metal electrodes on this base material 
front face is contacted, and contains a 
fluorine on a base material front face. 
[0008] As the above-mentioned base 
material, a resin film or plates, such as 
polyethylene, acrylic resin, a 
polycarbonate, and polyethylene 
terephthalate, etc. are mentioned, for 
example. In order to raise reaction 
effectiveness with a monomer, 
pretreatment of a chemical treatment, 
corona discharge treatment, low voltage 
glow discharge processing, etc. may be 
performed to these base materials by the 
well-known approach. 
[0009] A monomer is made to adhere to 
the front face of the above-mentioned 
base material at the 1st process of this 
invention. If it has in intramolecular the 
part which may generate a radical by 
plasma exposure as the above-mentioned 
monomer, the monomer which especially 
a limit does not have, for example, 
contains [ one or more ] unsaturated 
bonds, such as double association and 
3-fold association, peroxidation 
association, azo association, etc. will be 
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used suitably. 

[00 10] As such a monomer, an acrylic acid 
(meta), acrylamide (meta), acrylic-acid 
(meta) sodium, an acrylic-acid potassium, 
a methyl acrylate (meta), an ethyl 
acrylate (meta), acrylonitrile (meta), 
vinyl acetate, styrene, PENTADEKA 
fluoro octyl acrylate, a 

trifluorochloroethylene, 
trifluoroethylmethacrylate, etc. are 
mentioned, and even if these are used 
independently, two or more sorts may be 
used together, for example. 
[0011] In the above-mentioned monomer, 
especially the hydrophobic monomer that 
has the unsaturated bond which can form 
a thick hydrophobic layer by the 
polymerization reaction is desirable. 
However, it is not necessary to be 
necessarily hydrophobicity for example, 
and since the fluoride of this monomer is 
carried out by plasma treatment even 
when a hydrophilic monomer is used, it is 
possible to form a hydrophobic layer in a 
base material front face. 
[0012] The above-mentioned monomer 
may be used as it is, and may be melted 
and used for a solvent. Although an 
organic solvent with the high solubility of 
a monomer can be used as a solvent, the 
boiling point is low and the activity of 
organic solvents, such as an easy 
methanol of desiccation, ethanol, and an 
acetone, is desirable. Water may be used 
when a base material front face receives 
breakage remarkably with these solvents. 



[0013] How to apply a base material to a 
base material front face with the 
immersed approach; brush into liquid, 
when there is especially no limit, for 
example, it uses a liquid monomer or a 
monomer solution as an approach of 
making the above-mentioned monomer 
adhering to a base material; the approach 
of spraying by a spray etc. is mentioned. 
When making a monomer adhere to a 
base material front face using a monomer 
solution or a liquid monomer, desiccation 
****** is also good by the well-known 
approach in the solvent which adhered to 
the base material if needed. Moreover, 
when using the powder of a solid-state 
monomer, you may sprinkle on a base 
material front face using a screen etc. 
[0014] At the 2nd process of this 
invention, the base material to which the 
monomer was made to adhere at the 1st 
process is placed into the ambient 
atmosphere of the mixed gas of inert gas 
and fluorine content gas, and the layer 
which the discharge plasma which 
impresses an electrical potential 
difference and is generated between 
metal electrodes on this base material 
front face under the pressure near the 
atmospheric pressure is contacted, and 
contains a fluorine on a base material 
front face is formed. 

[0015] As the above-mentioned inert gas, 
rare gas, nitrogen gas, etc., such as 
helium, neon, an argon, and a xenon, are 
mentioned, and even if these are used 
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independently, two or more sorts may be 
used together, for example. Among inert 
gas, its life of a metastable state is long, 
and since especially gaseous helium is 
convenient for excitation of the gas for 
processing, it is desirable. As the 
above-mentioned inert gas, when using 
things other than helium, it is desirable 
to mix and use hydrocarbon gas, such as 
organic substance steams, such as an 
acetone below 2 volume % and a 
methanol, and methane, ethane. 
[0016] As the above-mentioned fluorine 
content gas, fluoride sulfur compounds, 
such as halogenated hydrocarbon gas; 6 
sulfur fluorides (SF6), such as 
hydrocarbon fluoride gas; 1 chlorination 3 
fluoride [ carbon ] gas (CC1F3), such as 6 
6 fluoride [ carbon tetrafluoride (CF4) 
and carbon ] (C two F6), propylene, etc. 
fluoride (C three F6), etc. are mentioned, 
for example. Especially, in these fluorine 
content gas, since safety does not 
generate harmful high gas, such as 
hydrogen fluoride, 6 6 fluoride [ carbon 
tetrafluoride and carbon ] and propylene 
fluoride is desirable. 

[0017] Although the mixing ratio of the 
above-mentioned inert gas and fluorine 
content gas is suitably determined by the 
class of gas used, since it will be hard 
coming to generate the discharge plasma 
even if it impresses an electrical potential 
difference if the amount of fluorine 
content gas increases, below its 10 
volume % is desirable, and it is 0.1 to 5 



volume % more preferably. 
[0018] Although the mixed gas of the 
above-mentioned inert gas and fluorine 
content gas is maintained at 100 which is 
a pressure near the atmospheric pressure 
- 800Torr, it is actually easy pressure 
regulation, and its pressure of 700 - 
780Torr to which equipment becomes 
simple is desirable. Moreover, in case the 
discharge plasma is contacted on a base 
material front face and it is activated, it 
may be cooled even if heated and the base 
material may be maintained at the room 
temperature. 

[0019] The time amount which the 
above-mentioned discharge plasma 
treatment takes is suitably determined 
by the magnitude of applied voltage, and 
the class of the gas used and monomer. 
[0020] When a monomer causes a 
polymerization reaction on a base 
material or a monomer carries out a graft 
reaction with a base material by the 
above-mentioned discharge plasma 
treatment, the layer containing a fluorine 
is formed and water repellence is given to 
a base material. Thus, when becoming 
thick compared with the case where low 
voltage glow discharge processing of the 
base material is carried out under 
fluorine gas existence and carrying out a 
graft reaction with a base material, the 
above-mentioned fluorine content layer 
and a base material stick the formed 
fluorine content layer firmly. Moreover, 
the outstanding endurance is acquired 
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when a fluorine is introduced by the 
above-mentioned plasma 
electrodischarge treatment. 
[002 1] When an unreacted monomer 
remains in a base material front face by 
the above 'mentioned discharge plasma 
treatment or a low-molecular-weight 
homopolymer etc. generates, it can 
remove by washing by water, an organic 
solvent, etc. if needed. 
[0022] The surface treatment approach of 
this invention is explained to a detail, 
referring to a drawing. Drawing 1 shows 
the equipment used for the 1st process, 
and this equipment consists of the power 
supply section 1, a processing container 2, 
an up electrode 4, and a lower electrode 5. 
When the electrical potential difference of 
the frequency of a kHz base can be 
impressed and it processes a 
heat-resistant low base material, the low 
frequency of 5"30kHz of a power supply 
section 1 is desirable. 

[0023] Although generating of the 
above-mentioned discharge plasma is 
generated by impressing an electrical 
potential difference to an electrode, since 
it shows the behavior which shifts to arc 
discharge when it will require time 
amount for processing too much if field 
strength becomes weak, and it becomes 
strong, its 1 - 40 kV/cm extent is 
desirable. The surface treatment section 
(discharge plasma generating section) 3 
by the above-mentioned discharge 
plasma is the space between the 



electrodes 4 and 5 which face. 
[0024] Although the thing made from 
heat-resisting glass is used, the 
above-mentioned processing containers 2 
may be metal, such as stainless steel, 
aluminum, copper, and aluminum, as 
long as the insulation with an electrode is 
maintained. In this processing container 
2, the up electrode 4 and the lower 
electrode 5 of a parallel plate mold of the 
couple which faces are arranged. As 
electrode structure, you may be telescopic 
[ other than a parallel plate mold / the 
cylinder pair Kohei stencil, the ball 
opposite plate mold, the hyperboloid pair 
Kohei stencil, or the coaxial-circles 
telescopic ], and may consist of two or 
more thin lines and plates. Stainless steel, 
brass, aluminum, copper, etc. are 
mentioned as construction material of the 
up electrode 4 and the lower electrode 5. 
[0025] The solid dielectric 6 is arranged 
at the side which counters the up 
electrode 4 of the above-mentioned lower 
electrode 5 so that the whole electrode 
may be covered. If there is a part which is 
not covered with a solid dielectric 6 at 
some electrodes, since arc discharge will 
be generated by there, it is not desirable. 
Moreover, as shown in drawing 1 , the 
above-mentioned solid dielectric 6 does 
not necessarily need to be arranged at the 
lower electrode 5, may be arranged at the 
up electrode 4, and it may be arranged at 
both the up electrode 4 and the lower 
electrode 5. 
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[0026] as the above-mentioned solid 
dielectric 6 plastics;SiO(s)2, such as 
polytetrafluoroethylene (PTFE) and 
polyethylene terephthalate (PET), and 
aluminum2 - 03, Zr02, and Ti02 etc. - 
metallicoxide simple substances and 
these compounds may be mentioned, and 
the configuration may be any of the shape 
of the shape of a sheet, and a film. 
[0027] Since the thickness of the 
above-mentioned solid dielectric 6 will 
take high tension to generate the 
discharge plasma if dielectric breakdown 
will happen at the time of 
electrical-potential difierence impression 
if it becomes thin, and it becomes easy to 
generate arc discharge and it becomes 
thick, its 0.05-4mm is desirable. 
[0028] Since the homogeneity of the 
discharge plasma will be spoiled if intact 
gas will increase and it will become 
inefficient, if it becomes small, and it 
becomes large although the thickness of a 
solid dielectric 6, the thickness of a base 
material 7, the magnitude of applied 
voltage, a quantity of gas flow, etc. are 
determined suitably, the distance 
between the up electrode 4 and the lower 
electrode 5 has 1*30 desirablemm. [0029] 
Although plasma electrodischarge 
treatment only of the one side (drawing 
top face) is carried out since it is arranged 
on the solid dielectric 6 in drawing 1 , the 
above-mentioned base material 7 should 
just contact the discharge plasma in the 
condition of having floated on the surface 



treatment section 3 between the up 
electrode 4 and the lower electrode 5, 
when it needs plasma electrodischarge 
treatment for both sides of a base 
material 7. 

[0030] At the time of the 
above-mentioned discharge plasma 
treatment, the up electrode 4 of porous 
structure to inert gas is supplied for 
fluorine content gas to the surface 
treatment section 3 from the gas 
installation tubing 9 through the gas 
installation tubing 8, respectively. In 
addition, when the up electrode 4 has 
porous structure, since it can become 
possible [ supplying fluorine content gas 
to homogeneity at the surface treatment 
section 3 ] and can contact the uniform 
discharge plasma, it is desirable, but if 
uniform supply is possible by supplying 
supplying, stirring fluorine content gas 
and inert gas in the surface treatment 
section 3, or spraying said gas on a base 
material 7 at high speed, it is not 
necessary to be necessarily porous 
structure. 

[0031] As for the above-mentioned 
fluorine content gas and inert gas, the 
flow rate is controlled by the massflow 
controller (not shown), and superfluous 
gas is discharged from an exhaust port 10. 
In addition, in case fluorine content gas 
and inert gas are introduced in the 
processing container 2, it is desirable to 
discharge the air which remains in this 
container 2 from an exhaust port 11. 
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luminescence of the discharge plasma 
was observed with 

electrical-potential-difference impression. 
[0035] (Example 3) 

It sprinkled so that a screen might be 
used for the fine particles of acrylamide 
and a plate front face might be covered on 
the polycarbonate plate ("Lexan", 67 
contact angles) base material of <lst 
process> 100mm**x3mm thickness. [ by 
Asahi Glass Co., Ltd. ] 
In the equipment (metal-electrode 
80mmphi) shown in <2nd process> 
drawing 1 , the distance of the up 
electrode 4 and the lower electrode 5 
which face is set as 7mm, and it is Ti02 of 
2mm in thickness, and 120mmphi. On 
the lower electrode 5 equipped with a 
sintered compact, the base material 7 
processed at the 1st process has been 
arranged, and it exhausted with the oil 
sealed rotary pump to lTorr. 
Subsequently, CF4 The gas installation 
tubing 8 to helium gas was introduced in 
the container 2 from the gas installation 
tubing 9 by flow rate 990sccm by flow 
rate lOsccm, respectively, and gas was 
made into the atmospheric pressure of 
760Torr. Then, the electrical potential 
difference of 15kHz and 3kV was 
impressed to the electrode, it was left for 
20 seconds, and the fluorine content layer 
was formed in base material 7 front face. 
In addition, luminescence of the 
discharge plasma was observed with 
electrical-potential-difference impression. 



[0036] (Example 1 of a comparison) In the 
equipment (metal-electrode 80mmphi) 
shown in drawing 1 , the distance of the 
up electrode 4 and the lower electrode 5 
which face was set as 5mm, and on 1mm 
in thickness, and the lower electrode 5 
equipped with the 

polytetrafluoroethylene of 120mm**, the 
polyethylene film ("II-F" by the **** 
package company, 91 contact angles) has 
been arranged, and it exhausted with the 
oil sealed rotary pump to lTorr. 
Subsequently, CF4 The gas installation 
tubing 8 to helium gas was introduced in 
the container 2 from the gas installation 
tubing 9 by flow rate 990sccm by flow 
rate lOsccm, respectively, and gas was 
made into the atmospheric pressure of 
760Torr. Then, the electrical potential 
difference of 15kHz and 5.1kV was 
impressed to the electrode, it was left for 
20 seconds, and the fluorine content layer 
was formed in the base material front 
face. In addition, luminescence of the 
discharge plasma was observed with 
electrical-potential-difference impression. 
[0037] The contact angle was measured 
per [ which has the fluorine content layer 
obtained in the base material, the 
example, and the example of a 
comparison which were used in the 
above-mentioned example and the 
example of a comparison ] base material, 
and the measurement result was shown 
in a table 1. 2mm waterdrop was dropped 
at measurement of a contact angle at 
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intervals of 1cm, "the contact angle 
measuring device (trade name* CA-D) 11 by 
the consonance interface science company 
was used for it, and the static contact 
angle was measured. In addition, 
measurement of a static contact angle 
was measured after neglect for seven 
days, respectively immediately after 
formation of a fluorine content layer, and 
by 60-degree-C underwater. 
[0038] 
[A table l] 



layers, such as a mold release layer with 
the surface preparation for the 
improvement in antifouling property of a 
plastic-molding object, or adhesives, a 
water proof film, and rain gear. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing l] It is the schematic diagram 
showing the equipment used at the 2nd 
process of the surface treatment 
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[0039] 

[Effect of the Invention] Since the 
fluorine content layer which is as 
above-mentioned and has the water 
repellence which was excellent under the 
pressure near the atmospheric pressure 
on the plastics base material front face 
can be formed and the water-repellent 
engine performance is maintained over a 
long period of time, the configuration of 
the surface -preparation approach of the 
base material of this invention is suitably 
used as a method of forming hydrophobic 
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fi&*j*L, :ko3£BI1 tS»K &3g^S§2, ±Stfm 
«4&0 s TSP«*5d»e>«fiE*iX"C^S. Will 
10 k H z ■&OHK»<7>aEE*Hl»0 pTfiBX**) «9 , WJRttofi 
^S»&&3£-*-S»&t;:(l 5^30kHz<OftlflS 
»*s#*LV\, 

[0 0 2 3] iEM/^X-rto^^li, «JE£««K; 

ft 5 * *tt3l;:B* BW* 9 « #\ a < ft 5 £ T- ^ &m 
S*»4r^-r^"C. l-4 0kV/cm8*iS 
ffSU^o JbE^II^X^icJz^B&SSS 
^X-^^^) 3(1 «*ti-5««4, 5^^t* 

20 [0 0 2 4] JbiE&SS* 2 tl >^SiOt>£0^ 
ffiffl£naj&s, «*£Ol6SjaMfcfcnTi\nil 

tT¥^M^»±^mii4 ^T^m«i5 ^ER^nr^ 

£ 0 «««3fi£ LTII ¥fT¥«3SEJt*«>s Rf£)*tfa¥ 

30 [0 0 2 5] ±ET^1S 5 ^)±9ili 4 (C*HpJi"S« 
icfl -t(0««^ffS:«5 «t5^H«««*6^EB$ 

L<fti\, ±IElfrtSS*6|j:, BIi(c^-rj:5 

Kifc-fLfc, T«««5«cEB*n5iMllift<, ±« 
««4(cEB*ixT^-CtJ:<, ±am^ 4 * T&mm 

[0 0 2 6] ±»EH»Rt#6 £ LTII ^yfh77 
/utoxf i/y (PTFE) , ^!)xf uyfi/7^i/ 
40 — h (PET) &(Dy7X s 7*y?M ; S i 0 2 , A I 2 
0 3 , Z r 0 2 , Ti0 2 «OAJR»{k*m»-^wiX?j 

[0 0 2 7]. ±KB#B«#6a>ff^il »<ftS^:« 
fiE»l»D^(C|g««[«^je woTT-^ »BdS«^ L^ < 
ft 9, ft-5<t«t®^^X-7^%^i-5cO(Cii5mJBE^ 
^i~£OT\ 0. 0 5-4mmdS»tU\ 

[0028] ±^m^4 <tT^m@5cop B io^ps(i, a 

50 ^f^8ttft««cJ:oriBi:*SSns*^ /h*<ft*fc* 



5 

»l/7X-7^)^- &frmte£>tl?><DX\ 1— 3 0 mm 
[0 0 2 9] ±ISSW 7 IS, il -CJiSf£^m# 6 1.1Z 

[0030] iEttm^^x^^ia^^ii, 

[oo3i] ±m? vm^mtf*Rif^m&tf*te. ^ 
i i 35*fc»ai'S^is»* i^\> 

[0 0 3 2] 

<Sl (Ol§> 10 0 mmDX 50/i mj^O^y 
THFSS-103J ) T3 0 k VOffiE^Efl^D It 1 5fMW=i 

[0 0 3 3] <»2<BXg>EUt;:^Lfc36fi (&JRS 

i80mm«) k*5<^x\ ts#-r5±a5mj&4 <^T^m 

«5 £<DlElB4:5mmlcReU I¥£ 1 mm. 12 0m 

5±tc, JBi^XST*Aaa*ixfeS«-7SrffiBL. IT 
o r r^tlS^yXTMLfco CF 4 X/ 

7t»tl 0 s c cmt#^WAf 8^b, HeXf^^r 
119 9 0 s c cm-e#*WAS9a»feS»2rt(C*:*L 

7 6 0Torr©*«ff^Lfc fl ^GQtfe, 
15 kHz, 5. 1 k V<D«EE«rtt«^HliDU2 0&PJ1 

[0 0 3 4] (|H$60ij2) 
<Bl <DXJ£> 1 0 0 mmDX 50^ mJ^Otf? ]) U 



(4) ^fW8- 1 8 8 6 6 3 

6 

Oj , 8)ttft7 0» Stt7±i:, 

<m2C0XS>E! 1 (C^Lfc^g (Mli8 0mm 
<f>) l^t^T, ffi*t"T5±a5««4 tTMi5 t<D$£ 
««: SmmtdlS^L, If $2mm, 12 0 mmDOTi 

$jfxfcS*f7«:RBU lTorrit*^^ 
»StLfc 0 &<^T\ C 2 F 6 #:*£»ft&5 s c cm-C# 
10 ^^A^f8^ib, He^«i9 9 5 sccmt^ 
«Al : 9^&S»2rt(--tn-ett«AU, 7 6 0Tor 
r a>*SUE£ Lfc 0 *:CD&, 15kHz, 5. 5kVO 
flJESr««^ai»DL2 0»M»«L, S»8ffii:7yJI 

[0 0 3 5] (IS16«y3) 
<gl (OI§> 1 0 0 mmDX 3 mmW-^^ \) # — 

<^2C0X^>HI1 tC^Ufc^a (Mli8 0mm 
0) (cio^T, ♦a*ti"S-bSB««4 fcTSR««5 
g|£r 7mmtCl£^L, 2 mm, 1 2 0 mm 0 <DT i 

0 2 «Ej*ff«r3S»U^iT«a5««5'JitC, fBl^XST-ft!; 
SSixfcStt^&IEBU lTorrlt*K>/ 
■C^SlLfco ftV^-C, CF 4 1 0 s c cmT* 

^7»Af 8^5), He^Mi9 9 0 sccmt^ 
^a»A«9^foS»2rt(c-tn-? ? tt*AU, 7 6 0To 
r r<^*«JE£ Lfc 0 15 kHz, 3kV£Dl 

30 J=ESr««tciBi*DU2 0&raiikaL> i»7*il:7s'* 

[00 3 6] (fcbtfc#iJ 1 ) HI 1 tC^ LfcSSB 
8 0mm<f>) t^^T, ffi»^*±ffi««4 £ Tffi«« 
5 £ (7)^81^5 mm MIS^U ff* 1 mm, 1 2 0mm 

_b(^ #y m^u^^/u^ (««SKttS! rn-Fj , 
»ftW!9lfi) *KBU lTo r r*T«e^y/ 
t#MLfco CF 4 1 0 s c c m"C 

40 ^»Af 8^b, He^^i9 9 0 sccmt^ 
^*A«9^e>8»2rt^-ttt-etL»Al^ 7 6 0To 
r Ttn-MS&t Lfc. *<0fft % 15kHz, 5. lkV 
<DtW£fc««KlffJlDL2 0#IWttfiU 1^IC7 5/ 

[0037] ±iE3s««»t/it«WTteffl$nfca«-a 

fc c StM A % 2 mm<07kf®£r 1 c mPfll»-C» 

so tu BS3#ffi»^aK r««ft»j3e»B : C 



(5) 



&ffl^8 - 1 8 8 6 6 3 



A-D) j £{£fflU »«8ttft*j«l£Lfc, * [0 0 3 8] 







£ tt 




({***) 


mm (ffi) 












1 






CF*/He 
C 1/99) 


1 0 9 


1 0 3 


is 


2 






C* F t /He 
(0.5/99.5) 


1 07 


1 0 0 




3 




T= K 


CF*/He 
(1/99) 


1 0 4 


98 


1 






CF 4 /He 
(1/99) 


1 0 0 


88 



[0 0 3 9] [ff#*>ttW] 

£*X5tf)T\ y7*^V?f&m&<Dffim&fa±(Otzib<D 20 5 

im i ] *«w^*®*&s*ifeco« 2 oxsr-ftffisn i o 
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[Ell] 




